I compiled a list of medium-and large-sized mammals (excluding Rodentia) in Moukalaba-Doudou National Park, Gabon. Additionally, I evaluated the efficiency of camera trapping for inventorying these animals. I placed 125 camera traps (set to "video mode" ) in forest and savannah in the eastern regions of the park, and compared my data with visual and acoustic observational records from the study area since 1999. I confirmed the occurrence of 38 species (11 Primates, 13 Carnivora, nine Ungulates, and five other taxa). During 4165 camera-days, my camera traps detected 29 out of the 38 species (76 %), including 10 newly-recorded species in the study area. However, a high proportion of cameras (40 %) in savannah were destroyed by Loxodonta africana. Furthermore, using this technique, it was difficult to detect arboreal species. It was also difficult to discriminate morphologically similar species (Cephalophus spp., Phataginus spp., and Galago spp.) from the captured images. These species can be more appropriately detected by visual sighting, acoustic hearing, and molecular techniques, suggesting that a combination of these techniques may increase the inventory efficiency. The number of forest-dwelling herbivores was lower in Moukalaba than in four other sites at or near Gabon, possibly because of separation from large Pleistocene refuges by a natural boundary. Nevertheless, Moukalaba harbors two savannah-dwellers─Kobus ellipsiprymnus and Herpestes ichneumon─which inhabit only a few protected areas of Gabon. The forest is invading the savannah, and therefore there is a requirement for regular burning, which must be enforced to preserve the totality of the existing biodiversity.
INTRODUCTION
Estimation of local species richness and diversity provides basic and fundamental information for ecological studies (Chapman et al. 1999 , Emmons 1999 , and also for conservation and management (Tobler et al. 2008 , Kitamura et al. 2010 . Previously, evaluation of mammalian species richness in forested habitats has been very difficult; however, recent advances in camera-trapping techniques have significantly improved the research efficiency (Cutler and Swann 1999, McCallum 2012) . Camera traps are continuously operational over 24 h, and can be left unattended in the field for several months. Thus, they are potentially suited to detecting rare, elusive, and nocturnal species, which may otherwise be missed (Sanderson and Trolle 2005 ). An increasing number of studies have shown that camera trapping affords a more comprehensive inventory for terrestrial (ground-dwelling) species than do direct sightings (Silveira et al. 2003 , Roberts 2011 , Burton 2012 , track surveys (Espartosa et al. 2011 , Roberts 2011 , or interviews with local people (Can and Togan 2009) . Camera-trapping inventories are increasingly common in rainforest habitats of Southeast Asia (Azlan and Lading 2006 , Kitamura et al. 2010 , O'Brien et al. 2011 and South America (Trolle 2003 , Srbek-Araujo and Chiarello 2005 , Tobler et al. 2008 . Camera-traps were initially introduced to study critically-endangered large Felidae (e.g. tigers), and subsequently have been used for a wide variety of purpose including inventory surveys. However, camera-traps have not been widely introduced in the African rainforest, largely because fewer large Felidae occurs (and their extinction risks have been lower) in this region. Recently, some studies have been using camera-traps for a various purpose, e.g. making a species list of large ground-dwelling mammals (Treves et al. 2010) ; monitoring animals visiting "bai" (large forest clearings with mineral-rich soil and water) (Gessner et al. 2014) ; estimating the relative and absolute abundance of animals such as leopards (Henschel et al. 2011) , or great apes and elephants (Head et al. 2012 , Nakashima et al. 2013b ; detecting rare monkeys (Coad et al. 2010 , Easton et al. 2011 or golden cats (Aronsen 2010) ; monitoring die-off of large ungulates (Elkan et al. 2009 ); and identifying seed disperser/predators (Babweteera et al. 2007 , Nyiramana et al. 2011 , Beaune et al. 2012 , Moupela et al. 2013 . Given that a lot of limitations have not been solved in conventional methods including direct sightings (e.g. substantial research costs for inconspicuous species; White and Edwards 2000) and/or trace surveys (e.g. difficulty in reliable identifications; Tutin et al. 1995 , Ray and Sunquist 2001 , van Vliet et al. 2007 , it is important to evaluate the practical advantages and disadvantages of camera trappings in this region.
The Moukalaba-Doudou National Park, southwestern Gabon constitutes an one of few sites for long-term study of western gorillas , and is also regarded as an important habitat of great apes Yamagiwa 2008, Nakashima et al. 2013b ) and forest antelopes (Nakashima et al. 2013a) ; however, no systematic inventory survey of medium-and large-sized mammals has been performed. A preliminary species list of mammals is provided by Chiristy et al. (2008) . Moukalaba is located at the south of the Ogooué River, where faunal information is particularly scarce (Grubb 2001) . Further, Moukalaba is one of the few national parks in Gabon that contains savannah habitats, and therefore it may harbor unique mammalian assemblages. Consequently, an inventory survey of this park will yield valuable information for assessing its conservation value and developing appropriate management strategies.
In this study, I conducted systematic camera-trapping survey to compile a list of medium-and large-sized mammals (excluding Rodentia) in the Moukalaba-Doudou National Park, southwestern Gabon. In particular, I sought to (1) evaluate the efficiency of camera trapping for inventorying medium-and large-sized mammals, (2) compile a list of these animals in on the eastern side of the park and (3) compare my results with those of other study sites in the West-Central Zone of Africa (Grubb 2001 ) with evaluation of the conservation priority of this park.
MATERIALS AND METHODS

Study site
The Moukalaba-Doudou National Park (5028 km 2 ) is located at the southern boundary of the humid tropical rainforest of the Congo Basin─equatorial Atlantic coastal forests (Olson et al. 2001) in the West-Central Zone (Grubb 2001) ─and also at the northern boundary of the western Congolian forest-savannah mosaic (Olson et al. 2001) stretching from the south part of the Republic of Congo (Fig. 1) . The western Congolian forest-savannah mosaic stretches north and south from the lower reaches of the Congo River. The Moukalaba-Doudou National Park is part of the Gamba Complex Protected Area. The forest is advancing into the savannah; however, the savannah is maintained through annual burning in the late dry season, under control of the National Park Agency (ANPN). The study area covers approximately 500 km 2 around the village of Doussala, which is located on the eastern side of the park (Fig. 2) . Although constituting only 10 % of the area of the Moukalaba-Doudou National Park, the study area covers a wide range of elevation (68-723 m) and contains a variety of vegetation types, including savannah. During 2004 During -2006 , the annual rainfall fluctuated between 1582 mm and 1886 mm , and the mean monthly minimum and maximum temperatures range from 21.3℃ to 24.1℃ and from 29.3℃ to 33.7℃, respectively ). There are two distinct seasons─a rainy season from October to April, and a dry season from May to September. During the 3 months in the middle of the dry season, rainfall is very infrequent (Thibault et al. 2004b ). The high-altitude forest (>450 m) in the Doudou mountain is believed to be one of the Pleistocene refuges, and may harbor some endemic plant species (Sosef et al. 2004) . Fisher (2004) conducted a floral and faunal inventory survey of the study area.
Camera-trapping survey
My camera-trapping study consisted of two surveys.
In the first survey (January and February of 2012), I targeted forested habitats (forest interior and forest edge) within the study area. I established 11 line-transects (length 2 km), separated from each other by a distance of >2 km (Fig. 2) . I placed 10 camera traps (Bushnell Trophy Cam 2010, Kansas) along each transect at 200-m intervals. In total 110 cameras were used. I left these cameras in place for 1 month. I measured a distance of precisely 10 m from each transect─using a tape measure in the perpendicular direction─and installed a camera without baits on the nearest tree trunk at a height of 30 cm. The use of baits may maximize the number of recorded species in a given research study (Trolle 2003 , Giman et al. 2007 , Rustam et al. 2012 , but may violate assumptions of equal detectability, thereby making it difficult to compare species richness among sites. I conducted the second survey during the dry season of 2012. In the second survey, I targeted savannah habitats. I placed 15 cameras without bait, at intervals of approximately 1 km (Fig. 2) . To avoid sunlight, I placed the cameras at the forest edge (7 cameras) or in small fragments of forest within the savannah (8 cameras). The cameras were faced with savannah and left in place for 2 months. The precise positioning of the cameras was determined by the presence of trees suitable for placing cameras. I checked the cameras every 3 days.
For each survey, I set the cameras to "video mode," which enables the capture of short-term video images. I designated that 30 s video images were recorded. I considered a photographic image as evidence of a single visit by a given species, provided that the image was obtained at a time interval of >30 min after the previous image of the same species (O'Brien et al. 2003) .
Species identification and accumulation curves
I identified the animal species in the video images (examples are shown in Fig.3 ), following the nomenclature of Kingdon et al. (2013) . The taxonomic status of two red duikers (Lorenzen et al. 2012 ) and two genets (Gaubert et al. 2006 ) is controversial. Genetta cristata has been treated as a subspecies of G. servalina. However, Gaubert et al. (2006) showed that G. cristata is distinct from G. servalina in terms of morphology, geographic ranges, and ecological niches, and suggested that G. cristata should be treated as a separate species. My study area forms part of the estimated distribution range of both species. Hassanin et al. (2012) suggested that C. callipygus and C. ogilbyi cannot be discriminated genetically; however, they have been treated as separate species. In the present study, I treated the two genets (G. servalina-cristata) and the two duikers (C. callipygus-ogilbyi) as single species.
To examine whether the number of recorded species reached an asymptote, I plotted a species accumulation curve, using Kindt's exact method in the R package "vegan" (Oksanen et al. 2007 ). I drew separate accumulation curves for the first and second survey. I targeted medium to large non-volant species (excluding Rodentia). I was unable to identify a number of morphologically similar species; when drawing the accumulation curves, I treated these species as a single taxon. I classified species that were almost exclusively (>90 %) observed in savannah as "savannah-dwellers," and species that were almost exclusively (>90 %) observed at the forest edge (<1 km from savannah) or in savannah (excluding savannah dwellers) as "edge dwellers" . I classified the remaining species as "forest dwellers" ; however, some of these species may be more closely associated with aquatic habitats (e.g., Atilax paludinosus, Tragelaphus spekii).
Compilation of species records
I obtained visual and acoustic observational records documented by researchers who had visited the study area since 1999 (i.e., the start of a long-term research program). I excluded those species that had been observed only by research assistants or by local habitants, unless these observations were videotaped. In 2010, I sent out an e-mail questionnaire to Gabonese and Japanese researchers. When a researcher detected a species that had not been observed in the present study, either by camera trapping or by direct visual observation, I queried the situation in which the species had been found. When this information was judged reliable, I included the record in my list.
To understand the features of the Moukalaba fauna, I compared my results with those of other study sites in the West-Central Zone of Africa (Grubb 2001 ) that were expected to have similar species compositions to that of the study site. I searched publications (including gray literature) containing species lists of medium-and large-sized mammals for four sites─Lope National Park (White 1994 , Tutin et al. 1997 ); Ipassa-Makokou Biosphere Reserve (Brosset and Dubost 1979, Emmons et al. 1983 ) in Gabon; CampoMa'an forest (Matthews and Matthews 2006) in Cameroon; and Odzala National Park (Hecketsweiler et al. 1991) in the Central Republic of Congo (Fig. 1 ). In addition, I referred to published literature reviews of primates (Chapman et al. 1999 ) and carnivores (Ray and Sunquist 2001, Laila et al. 2013) , and to the African Antelope Database (Rod 1999). Lope and Odzala contain savannah areas, whereas IpassaMakokou and Campo-Ma'an comprise continuous evergreen forests. Certain information regarding occurrences of cryptic taxa (e.g., Galago spp.) is not always available, and therefore I compared the number of forest dwellers and savannah dwellers of diurnal primates (Primates), carnivores (Carnivora), and ungulates (Cetartiodactyla) among these study sites. Those species that occurred only in savannah habitats were determined according to Kingdon et al. (2013) .
RESULTS
Camera-trapping and previously documented observations
Sampling was conducted over a total of 4165 camera- days, comprising 3544 camera-days in the first survey and 621 camera-days in the second survey. During the study period, elephants broke 18 cameras (16.4 %) in forested habitats and six cameras (40 %) in savannah. During the same period, the cameras recorded 3140 independent visits of medium-and large-sized mammals in forested habitats and 136 visits in savannah. I frequently (i.e., for >50 % of images) found it difficult to discriminate two species of red duikers (C. ogilbyi-callipygus and C. dorsalis), and two pangolins species (Phataginus tetradactyla and Phataginus tricuspis). In addition, I was unable to identify galagos (Galago spp.) at the species level. In the first survey, camera traps detected at least 29 species/taxa, including six Primates, 10 Carnivora, nine Artiodactyla, and four other taxa (Table 1 ). In the second survey, camera-traps detected 12 species, including one Primates, six Carnivora, four Artiodactyla, and one other taxon. The species accumulation curves suggested that the number of species was saturated for forested habitats (first survey), but not for savannah (second survey) (Fig. 4) . Visual and acoustic observations were available for a total of 27 species, including eight species that were not recorded by camera traps. Most of these species were arboreal species, such as primates and the tree hyrax (Table 1) . On the other hand, 10 of the species captured by cameras had not previously been observed by researchers. The difference in detection was particularly marked for carnivores─ camera-traps detected the occurrence of 11 species, whereas only five species had previously been observed by researchers. Camera traps also detected the ratel (Mellivora capensis) after the study period. A total of 38 species (11 Primates, 13 Carnivora, nine Ungulates, and five other taxa) were confirmed in the study area. Two species (Herpestes ichneumon and Kobus ellipsiprymnus) were classified as savannah dwellers, whereas three species (Tragelaphus spekii, Civettictis civetta, and Genetta maculata) were regarded as edge dwellers. The remaining species were classified as forest dwellers.
Comparison with other study sites
The total number of medium-and large-sized mammals varied among the study sites as follows: Moukalaba, 39 species (including Hippopotamus amphibius, which was confirmed to occur in the south of the study area); Lope, 44 species; Ipassa-Makokou, 48 species; Odzala, 51 species; and Campo-Ma'an, 46 species. The species occurring in each study site are listed in Appendix 1. The numbers of forest-dwelling diurnal primates, carnivores, and ungulates were lower in Moukalaba than in any of the other four study sites ( 
DISCUSSION
Efficiency of the camera-trapping survey
The results of my present study indicate that camera trapping has advantages over direct-sightings and acoustic records for inventorying medium-and large-sized mammals in the African rainforest. My camera traps recorded the occurrence of 29 medium-and large-sized mammals, including ten newly recorded species in the study area. Those species were mainly nocturnal species belonging to Carnivora (see Table 1 ). Burton (2012) reported that camera traps detected a 1.5-fold higher number of species than did patrol observation, and were also more effective in detecting smaller, solitary, and nocturnal species─particularly carnivores─in West Africa. High efficiency of camera-trappings for these species has been reported in the other rainforests (Silveira et al. 2003 , Trolle 2003 , Srbek-Araujo and Chiarello 2005 , Can and Togan 2009 ). Thus, they have advantages for inventorying ground-dwelling mammals in the central African rainforest.
On the other hand, my results showed several practical limitations of camera trapping. Firstly, camera traps are inherently ineffective for arboreal species (Table 1) . Secondarily, a high proportion of camera traps in savannah (40 %) were destroyed by elephants. Destruction of camera traps by elephants has previously been reported in Africa (Henschel 2008) and Asia (Grassman et al. 2005) ; however, in the present study, a higher percentage of camera traps appeared to be destroyed. This difference may be because I set the camera-traps to "video mode," which continuously irradiates with infrared radiation for 30 s under dark-light conditions. In a different 1-month survey of savannah, the camera traps were set to "picture mode," and a much lower frequency of elephant attack was determined (2 out of 15; i.e., 13 %) (Y. Nakashima, unpublished results). Although "video mode" is advantageous for identifying the species in the recorded images, because it captures various postures of animals, this mode should be avoided when inventorying in savannah regions, unless the camera traps are protected by armor (Grassman et al. 2005) .
A third limitation of camera traps was the difficulty of reliable species identification. For example, I found it difficult to discriminate two red duikers (Cephalophus spp.), and two pangolin (Phataginus spp.), and were unable to identify galagos (Galago spp.). A similar problem was reported in other rainforests. However, in the present study, the number of species with similar appearances appeared to be higher. This finding may be caused by a higher number of congenic species─the number of genus containing multiple species was seven in my study site, compared with three in the lowland rainforest of Peru (Tobler et al. 2008) and four in Borneo (Samejima et al. 2012 )─and also the fact that fewer camera-trapping studies have been conducted in the African rainforest. Even species with similar appearances can reliably be identified by experienced researchers, using subtle cues. To increase the reliability and efficiency of species identifications, researchers in African rainforests should share video or photographic images that have captured clear images of a given species. I uploaded the video images of the species detected in the present study onto a website (https://plus.google.com/photos/1123421972 69997909530/albums/5951657715232535217banner=pwa &authkey=COzXrIvl5ZPQ-AE).
For effective inventory, it is important to consider combinations of camera trapping and other techniques. Diurnal arboreal species (primates) are easily detected by direct observation. For duikers and carnivores with similar appearances, DNA-barcoding is likely to be the most effective approach. The feces of duikers and carnivores (including mongooses) are easily obtained from forests and gravel roads, respectively (Inoue et al., in preparation). DNA barcoding techniques based on cytochrome-b sequences have successfully been used to discriminate carnivores and red duiker species (Inoue et al. in preparation), except for Peter's duikers and Ogilby's duikers (Hassanin et al. 2012) . Acoustic records may be effective for detecting nocturnal arboreal species, such as the tree hyrax and African palm civet, which frequently cry in the night and have distinct calls. Galago spp. can be distinguished by experienced researchers (Kingdon et al. 2013) . Each of these methods is effective for different species, and should therefore be regarded as complementary to other techniques.
Characteristics of the Moukalaba fauna
The results of my present study suggest that forestdwelling species are less diverse in Moukalaba (39 species) than in the four other study sites in or near Gabon, i.e., The black line represents the mean accumulation curve of species whilst the lighter shading shows one standard deviation around this mean using Kindt's exact method (Oksanen et al. 2007 ).
Lope (44), Ipassa-Makokou (48), Odzala (51), and CampoMa'an (41), although research efforts vary among these sites (Table 1 , Appendix 1). In particular, the number of frugivorous/folivorous primates and ungulates was much lower than that in the other sites (see Table 2 ). Interestingly, the study area lacks the colobine monkey, which generally dominated in the African rainforest (Chapman et al. 1999 , Matsuda et al. 2013a ). The study area constitutes only 10 % of the area of the Moukalaba-Doudou National Park, and therefore other species may occur in the park. For example, Hippopotamus amphibius was confirmed to occur in the south of the study area. In addition, several species (two nocturnal primates and two carnivores, see Appendix 1) may have been missed in my survey. However, the lower number of diurnal primates and ungulates may be a feature of the Gamba Complex rather than an artifact of the smaller study area or lower sampling intensity. Indeed, in Loango National Park (which forms a continuously forested area with Moukalaba, see Fig. 1 ), no other forest-dwelling species of these taxa have previously been detected. The lower number of forest dweller species in the present study site may be caused by separation from largecontinuous Pleistocene refuges by a natural boundary. Present-day centers of diversity are generally believed to correspond to past refuges during adverse paleoclimatic conditions (Grubb 2001) . Indeed, Struhsaker (1981) showed that proximity to a glacial refuge presented the strongest correlation with the number of anthropoid primate species occurring in a range of Ugandan forests. The mountainous area in my present study site may be one of the Pleistocene refuges (Sosef et al. 2004) ; however, this area would be too small to sustain larger forest-dwelling mammals throughout the glacial period. The nearest large refuge is the massif du Chaillu (Maley 2001) , which harbors colobus monkeys and endemic primates such as the sun-tailed monkey (Cercopithecus solatus). The massif du Chaillu is located approximately 150 km from the study area, but it is separated by the Ngounié River (a branch of the Ogooué River) and surrounding savannah from Moukalaba (Fig. 1) . These natural boundaries may have limited the opportunity for dispersal of forest-dwelling herbivores from the refuge. Ecological factors such as plant productivity (Korstjens and Dunbar 2007) may influence the number of species. However, the annual precipitation (a proxy for the productivity of a habitat) in Moukalaba is similar to that in Lope (1506 mm; Bermejo 1999), Ipassa-Makokou (1755 mm; Gautier-Hion et al. 1985) , and Odzala (1509 mm; Bermejo 1999), although that is much lower than in Campo-Ma'an (2129 mm; Hoshino 1985); further, the soil (a major determinants of leaf quality for herbivores; Matsuda et al. 2013b ) is less fertile in Lope than in the Moukalaba (Reitsma 1988) . Thus, the limited opportunity for dispersal may more relevant to the lower diversity of forest-dwelling herbivores.
The lower number of forest dweller species in the study area is offset by the richness of species associated with savannah (i.e., edge dwellers and savannah dwellers). I confirmed the presence of two savannah dwellers (Kobus ellipsiprymnus) and three edge dwellers (T. spekii, C. civetta, and G. maculata). My research effort was considerably lower in the savannah area than in the forested area, and therefore my present survey may have missed several species. Indeed, there are anecdotal records of serval Leptailurus serval (Bout 2011) , spotted hyenas Crocuta crocuta , African wild dogs Lycaon pictus (Henschel 2009), and southern reedbuck Redunca arundinum (IUCN 2012 ). In addition, the side-striped jackal Canis adustus was confirmed in Loango (Vanthomme et al. 2013 ).
The forest-savannah mosaic is a relatively common landscape in Gabon (Olson et al. 2001) , and a wide range of savannah-dwelling species─including the lion Panthera leo, African wild dog, spotted hyena, southern reedbuck, and common duiker Sylvicapra grimmia─occurred in the country during the colonial era (Malbrant and Maclatchy 1949) . However, most of these species are in decline or have become locally extinct because of anthropogenic disturbance (Henschel 2006 (Henschel , 2009 . Currently, Moukalaba may be one of the few national parks that harbors Egyptian mongooses (Laila et al. 2013) , and possibly the only national park in Gabon to harbor waterbuck (IUCN 2012). Waterbuck has a patchy geographical distribution and may be extinct in the Congo (IUCN 2012). Therefore, the waterbuck population in Moukalaba may be the last remaining population in central Africa.
Implication for conservation and management
The unique characteristics of the Moukalaba fauna, and the fact that forest dwellers are not at immediate risk of local extinction within the park (Y. Nakashima, pers. obs.), implies that high priority must be placed on the conservation of savannah dwellers. Nevertheless, the population trend of large forest dwellers should also be carefully monitored. Further research is required to confirm the occurrences of other savannah dwellers, and to develop appropriate management strategies. The results of recent studies have suggested that the savannah harbors unique biota, and may have a higher conservation value than previously believed (Ukizintambara et al. 2007 , Walters et al. 2012 , King and Chamberlan 2013 . However, in the near future, the savan-nah in Gabon may be converted into oil palm plantation (Walters et al. 2012) . Active management (i.e., burning) is essential for maintaining this habitat. The forest is actively invading the savannah, unless this colonization is arrested by regular burning (Walters 2010). Comparison of the vegetation recorded in the present study with that shown in the 1992 Landsat image clearly indicates that the savannah in remote areas is shrinking. Thus, there is a requirement for annual burning, which must be enforced to preserve the totality of the existing biodiversity in the region.
